Early attempts to verify acute barbiturate poisoning by urine or blood analyses based on reaction with cobaltous salts were insensitive and unsuccessful. Wallen ius, Zaar, and Lausing (1963) produced a rapid semi-quantitative method based on the ability of barbituric acids to complex mercuric ions (Bjorling, Berggren, and Willman-Johnson, 1959) and, after separation, on measurement of mercury in the complex with dithizone. In spite of careful and persistent trials, however, neither this method nor a modification of it by Curry (1964) have proved satisfactory in our laboratory, nor apparently in many clinical laboratories known to the writers. Reasons for this include the troublesome verification and tedious maintenance of the procedure when not actually in use, and inadequate technique through failure to realise how little Hg I I and barbiturate is involved.
Following an earlier publication describing 'a new colour reaction for the estimation of barbiturate' (Lubran, 1961) , two similar methods were independently developed (Baer, 1965; Garvey and Bowden, '966 ) each employing the barbiturate-mercury reaction and diphenylcarbazone as colour reagent. Each reported on the chromogenicity of the diphenylcarbazone derivatives of various mercuric barbiturates by their technique, but there is no apparent comparability between the results obtained by these different analytical procedures (Table I ). The reaction of Lubran (1961) is incapable of reproduction; possibly an instruction concerning a buffering stage has been omitted: the final pH is much too low for a satisfactory colour. Furthermore, in none of these methods does the final colour follow Beer's Jaw.
In the present paper we record our examination of the barbiturate-mercury reaction. We also present an optimised micro-analytical procedure, and an assessment of two commercial kits for determining total barbiturate.
REAGENTS

Chloroform, AR.
Dichloromethane, AR. Each should be checked for suitability by adding 0.15 ml diphenylcarbazone reagent to 8 ml. The I cm 0.0. at 555 nm should not exceed 0.05.
Diphenylcarbazone reagent. Dissolve 200 mg of analytical quality reagent in 100 ml warm isopropanol AR.
Dithizone reagent. Dissolve SO rng in 100 ml warm chloroform.
J,2-pyridylazo-2-naphthol (PAN) reagent. Dissolve 100 mg in warm methanol. Filter if necessary.
Stock mercuric nitrate. 2 g/lOO ml in water containing 0.1 ml cone. HNO: 1 per 100 ml.
Phosphate buffer, pH 7.0, 0.1 mol/I. Mercuric reagent. Add IS ml stock mercuric nitrate solution dropwise, with constant swirling, to 85 ml phosphate buffer. Store at room temperature in white glass bottle: discard when precipitate forms.
Cellulose paper discs. Whatman No. 3MM. 30 mm diameter.
Control serum. Burroughs Wellcome 'Wellcorntrol" containing amylobarbital (free acid) 5.0 mg/IOO ml.
Standard barbiturate solutions. These are 400 I1mol/1 (between 9 and 10 mg/ I 00 ml) in 85: I 5 isopropanol-water mixture. In the case of phenobarbital (B.P.), Lotusate(Sterling-Winthrop), Soneryl (May and Baker), Mephobarbitone (SterlingWinthrop), Hexopal (Sterling-Winthrop), about 100 mg of free acid is weighed and dissolved in ]00 ml isopropanol and then diluted tenfold with isopropanol-water, 85:15. 1n the case of seconal (B.P.) Amytal (Lilly) and Nembutal (Abbott) the requisite amount of the sodium salt is weighed and dissolved in 100 ml water and made up to I I with isopropanol-water 85: I5. For cycJobarbitone, about 20 mg of the calcium salt is weighed, dissolved in a minimum volume of HCI and made up to 100 ml with 80% aqueous isopropanol. 31 
Choice of organic reagent
We measured the extinction coefficients of the mercuric chelation products of three organic reagents: dithiophenylcarbazone, 1-(2-pyridylazol-2-naphthol and diphenylcarbazone (commercially available only as an approximate equimolecular complex of diphenylcarbazide and diphenylcarbazone). The latter proved to be the most sensitive detector of mercury in chloroform solution (Table 2) .
Medium for and stability of colour reagent
The minimum amount of diphenylcarbazone in CHCI 3 needed to produce maximum colour with a high barbiturate control serum was found experimentally (Table 3) . 30 mg (62 nmol) diphenylcarbazone is almost twice the stoichiometric Table 2 . Extinction coefficients of three chelation products of Hg r ", (8 ml chloroform solution containing 8 p.g/ml phenyl mercuric acetate plus 0.2 ml reagent) quantity of reagent required for reaction with the Hg-amylobarbital complex. Similar experiments were carried out using dichloromethane as solvent. The efficiency of extraction of barbiturate from aqueous alcoholic barbiturate and barbiturate in serum (Wellcomtrol) was studied. After gentle rotation of barbiturate solution (0.1-1.0 ml volumes) with chloroform (7-10 ml volumes) an aliquot of the chloroform extract was treated with the mercuric reagent and analysed as in the final micromethod. Extraction efficiency experiments were carried out with barbiturate solutions, that were impregnated on cellulose filter-paper discs which were then shaken with the solvent. Using a solvent-barbiturate solution ratio of 80, the pH of the barbiturate solution was not found to be critical. Maximum barbiturate extraction from 100 III occurred throughout the range pH 5.5-8.0.
Binding ofbarbiturate to plasma proteins and cellulose paper
Although the fraction of secobarbital (and pentobarbital) bound to bovine albumin has been shown to be about twice that of phenobarbital and almost five times that of barbital in phosphate buffer throughout the pH range 5-7 (Goldbaum and Smith, 1954) , analyses of equimolar concentrations of these different barbiturates dissolved in pooled normal serum repeatedly gave closely similar final optical densities by the method here described. method we examined the effect of increasing the concentration of Hg "' in the mercuric nitrate reagent. Reagents containing 2, 5, 10 and 15 ml Hg(N0 3 )2, 2g/l00 ml, in phosphate buffer, pH 7.0, 0.1 molj], made up to 100 ml produced final optical densities of 0.111, 0.171, 0.277 and 0.361 from 40 nmol secobarbital.
Maximum colour was produced with a reagent containing 3.0 mgjml Hg(N0 3 ) 2 ' We attempted without success to produce a neutral aqueous solution containing a higher concentration of Hg' , ions than this. However, increasing the volume of the mercury reagent used in the test above 0.5 ml produced no further increase in final optical density.
The relative colour produced from each of nine different barbiturates, using 100 III in the final method was measured (Table I ).
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Amount of Hg' + required to complex the barbiturate Starting with 8 ml chloroform and using the final Fig. I .-The effect of strong sunlight on colour produced by the mercuric-barbiturate reaction. S8 and P8 represent analyses of bloods containing secobarbital and phenobarbital respectively by method as described in text, using EEL 197 Spectra.
0,10
The colour formed was very sensitive to ultraviolet light. After 10 min. exposure to sunlight, 20 % of colour from a Hg-phenobarbital complex, and 90 %of colour from a Hg-seconal complex had been lost. Temperature changes between 10 and 37°were without appreciable influence; final colours were stable for at least 20 min. in the dark (see Fig. 1 ).
No difference was observed. However, diphenylcarbazone, 2 gil, in dichloromethane was found to deteriorate on standing at 22"C in a dark bottle. After 2-3 weeks the solution was visibly paler than when freshly prepared. Subsequently, diphenylcarbazone, 2 gil, was prepared in isopropanol solution, since in this medium it is stable indefinitely at room temperature. mercial kit methods. A much higher solvent-toserum ratio is essential for consistent and near maximum extraction of most barbiturates solution in the pH range 5-8. Lower ratios sometimes cause troublesome emulsions. We regard the use of cellulose discs to hold the serum as an important feature, greatly facilitating the separation of solvent and extracted serum. However, extraction is incomplete from a cellulose disc coated with dried serum, and a moist stopper serves the dual purpose of sealing and ensuring maximum extraction. The effective amount of mercuric nitrate in the present method is six times the maximum used in existing methods. While we were able to achieve reaction conditions obeying Beer's law, the two N-substituted barbiturates, mephobarbitone and hexobarbitone produced only half as much colour as the commoner 5-5 1 -substituted barbiturates. We suggest this is in accordance with the following chelation reactions.
Dichloromethane of analytical quality is recommended as solvent-rather than chloroform. Many bottles of different makes of both solvents have been found to produce, in the final method, an unacceptable reagent blank 0.0 of over 0.10. The cause of the unwanted colour was traced to the presence of tin. In all instances, the screw-cap foil of the bottle concerned had a dull or damaged surface. A piece of granulated tin added to the tube containing the blank reaction mixture produced a strong pink colour on standing. All makes of analytical reagent chloroform contain ethanol, and to date none has been found to give as low 0.0 diphenylcarbazone solution as dichloromethane.
This method of determining total barbiturate requires only 0.\ ml serum or plasma. It readily detects \5~mol/l (0.3 mgl I00 ml) and is about 10 times more sensitive than an ultra-violet scanning method (Broughton, 1956) or equal in sensitivity to a gas-chromatographic technique. Results shown in Table 4 were obtained in comparative analyses of sera from patients who had taken an overdose of barbiturates. They show fair agreement. While the method in no way replaces these and other more accurate and versatile methods, it continues to prove useful as an emergency technique, particularly outside normal working hours.
Tubes contairung dichloromethane (8 ml) and serum (100~I) were gently inverted for 2 min., filtered through a solvent washed No. 3\ Whatman paper, and subsequently analysed as in the final method. Optical densities for sera containing phenobarbital, seconal and barbital (130 umol/I) were 0.185, 0.202, 0.210. When the same sera were analysed by the final method--extracting the barbiturate from precipitated serum protein on a cellulose disc-the respective optical densities (I em stratum) were 0.\88, 0.185, 0.205 (0.0. of complete blank was 0.050).
MICRO-DETERMINATION OF BARBITURATE
Dispense 8 ml dichloromethane into each of three acid-washed glass-stoppered tubes 100 x 23 mm, marked Standard, Control, Test. Duplicate tests are recommended.
To the centre of one cellulose disc apply 100~I standard barbiturate. Wait 10 s ; partially fold using forceps and drop into appropriate tube of dichloromethane. Repeat this procedure exactly using control serum, and again using patient's serum or plasma.
Wet each glass stopper with two drops of water, stopper, fix with elastic band and mix on an orbital mixer (20 r.p.m.) for I min. Alternatively, gently invert the tubes repeatedly by hand for 2 min. Remove the cellulose discs from the solutions with the forceps.
To each tube add 0.5 ml mercury reagent. Stopper and shake hard for 15-20 s. Stand to allow the layers to separate (about 30 s) Then by means of a pasteur pipette with a fine tip remove as much of the top aqueous layer as possible.
Filter the contents of each tube into clean tubes 100 x 16 mm calibrated at 10.0 mI. For this use a small glass funnel and a 70 mrn diameter Whatman No. 31 paper. Wash the paper after filtration with dichloromethane to make up the filtered volume to 10.0 mI. Set up a blank of dichloromethane (\ 0.0 ml).
To each, add 0.15 ml diphenylcarbazone reagent. Mix and protect tubes from direct sunlight.
Using acid-washed dry 20 mm cuvettes, measure, against the blank, at 555 nrn, the absorbances of standard, control and test solutions. Barbiturate = TIS x 9.0 tng] I00 ml or TIS x 400 mol/1. Calculation of the control serum barbiturate provides a check on the reproducibility of the method.
Comment Oil the method
The proportions of solvent to serum used in existing mercuric methods varies from 10:1 (Baer, 1965) , 15:1 (Curry, 1964) By this method chlorpheniramine and methylprylone (Nodular) do not interfere. No significant interference occurs from chlordiazepoxide (Librium), diazepam (Valium) nitrazepam (Mogadon) at nontoxic levels, i.e. below about 2 mgj 100 ml. Equimolar amounts of glutethimide (Doriden) give slightly less colour than barbiturate, i.e. the toxic level of 3 mgj 100 ml blood would be confused with barbiturate. As with the ultra-violet method, the hydantoin drugs interfere. However, the method is the only available one capable of proving unequivocally the absence of clinically significant barbiturate within 10 min. of receipt of the blood specimen.
Kit methods for blood barbiturate
Two kit methods based on the mercuric barbiturate reaction have been examined.
Kit I: Manufacturer: Medi-Chem Inc., California. Supplier: Hughes and Hughes Ltd., Essex. This uses a modification of the method of Baer (1965) . The extracting solvent to serum ratio is 20, and 5 ml instead of 2.5 ml extract is used for the colour reaction.
We bought one reagent kit on four occasions and carried out parallel tests with this kit method and the improved micro-method. On three of the four occasions the mercury reagent supplied had deteriorated and failed to produce any colour from a Wellcomtrol serum containing 6 mg amylobarbital/ 100 ml. The other reagent kit produced colour from normal sera fortified with amylobarbital to give 2.3, 4.5, 6.8 and 9.1 mgj I00 ml. Results are shown in Chloroform is supplied with this kit. It gives complete blank absorbancies per cm of approximately 0.10. This is twice as high as that obtained from suitable batches of dichloromethane (AR.).
Kit 2: Manufacturer: National Bio-Technical Labs, Washington. This is based on the method of Bjorling and others (1959) . An extract of 1 ml buffered serum is made with 10 ml ether, evaporated to dryness and taken up in chloroform. Reagent C is dithizone in a chloroform-containing solution. Above a level of about 3.5 mg total barbituratejlOO rnl, the dithizone colour becomes orange, when the test has to be repeated with less serum. We have found this technique to give unreproducible results.
Neither of these kits offers any advantage over the micro-method described.
